SEC. 1095 

- INPUT/OUTPtJT INTERFACE OF AN INTEGRATED CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to 

integrated circuit devices, and more particularly, the 
present invention relates to the input /output (I/O) 
interface of an integrated circuit device. 

2 . Description of the Related Art 

[0002] It is generally desirable to increase the data 

transfer bandwidth at the input/output (I/O) interface of 
integrated circuit (IC) devices. Unfortunately, however, 
any increase in transfer bandwidth is accompanied by an 
increase in the number of data pins of the IC device. A 
large number of data pins disadvantageously occupy a 
large device area, and also increase power consumption 
and power related noise. 

[0003] FIG. 1 is a block diagram of a conventional 

memory circuit. Address signals ADDR1 - ADDRi are 
temporarily stored by an address buffer 10, and a clock 
signal CLK and external command signals /CS, /RAS, /CAS 
and /WE are applied to a command decoder 20. At a timing 
of the clock signal CLK, the command decoder decodes the 
external command signals into internal command signals PR 
PC, PREAD, and PWRITE. In response to the internal 
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command' PR, 'the row decoder 3 0 selects one or more rows 
of a memory cell array 50 according to an address stored 
in the address buffer 10. Likewise, in response to the 
internal command PC, the column decoder 40 selects one or 
more columns of the memory cell array 50 according to the 
address stored in the address buffer 10. Whether data is 
written into or read from the memory cell array 50 is 
controlled by the internal commands PWRITE and PREAD, 
respectively. Data read from the memory cell array is 
passed through an I/O interface circuit 55 and applied to 
data pins DQ1 through DQn, and data written into the 
memory cell array 50 is received from the data pins DQ1 
through DQn via the I/O interface circuit 55. 
[0004] FIG. 2 is a detailed block diagram of the 

interface circuit 55 shown in FIG. 1. In the case of a 
read operation, a first bit DATA1 of the n-bit parallel 
output data is temporarily stored in an output buffer 55- 
1 and then applied to the data pin DQ1 . Similarly, 
second and third bits DATA2 and DATA 3 of the n-bit 
parallel output data are temporarily stored in output 
buffers 55-3 and 55-5, and then applied to the data pins 
DQ2 and DQ3 , respectively. The remaining bits of the 
parallel output data are likewise temporarily stored in 
respective n-3 buffers (not shown) and then applied to 
data pins DQ4 through DQn of FIG. 1. 
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[0.005] In the case of a write operation, a first bit 

of the n-bit parallel input data at data pin DQ1 is 
temporarily stored in an input buffer 55-2 and then 
applied as DATA1 to the memory cell array. Likewise, 
second and third bits of the n-bit parallel input data at 
the data pins DQ2 and DQ3 are temporarily stored in input 
buffers 55-4 and 55-6 and then applied as DATA2 and DATA 
3 to the memory cell array. The remaining bits of the 
parallel input data at data pins DQ4 through DQn of FIG. 
1 are also temporarily stored in respective n-3 input 
buffers (not shown) and then applied to the memory cell 
array. 

[0006] The data DATA1 , DATA2 , etc. are deemed to be 

logically high (H) or low (L) depending on the voltage 
level thereof. FIG. 3 is a diagram for explaining the 
two- level signaling scheme of the conventional I/O 
interface circuit. If the voltage level of the input 
data is greater than a reference voltage REF, then the 
input data is deemed to be logically high (VIH) , and if 
the voltage level of the output data is greater than the 
reference voltage REF, then the output data is also 
deemed to be logically high (VOH) . On the other hand, if 
the voltage level of the input data is less than the 
reference voltage REF, then the input data is deemed to 
be logically low (VIL) , and if the voltage level of the 
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output data 'is less than the reference voltage REF f then 
the output data is also deemed to be logically low (VOL) . 
[0007] In the conventional device described above, the 

number of data pins DQ1 through DQn is equal to the 
number of bits of the parallel input/output data read 
from and written into the memory cell array. Thus, any 
increase in the number of bits of the data transfer rate 
of the I/O interface will result the need to additionally 
equip the device with an equal number of data pins. As 
suggested previously, any addition in the number of data 
pins disadvantageously occupies more device area, and 
also increases power consumption and power-related noise. 

SUMMARY OF THE INVENTION 
[0008] According to a first aspect of the invention, 
an integrated circuit is provided which includes M first 
terminals and N second terminals, where M and N are 
positive integers, and where M > N > 1; a converter which 
receives M base-A-level input signals from the M first 
terminals, respectively, which encodes each of A M values 
represented by the M base-A-level input signals as a 
different base-K value represented by N base-K-level 
output signals, and which outputs the N base-K-level 
output signals to the N second terminals, respectively, 
where A and K are positive integers, and where K > A > 1. 
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[0.009] ' According to another aspect, of the invention, 
an integrated circuit is provided which includes N first 
terminals and M second terminals, where M and N are 
positive integers, and where M > N > 1; a converter which 
receives N base-K-level input signals from the N first 
terminals, respectively, which decodes each base-K value 
represented by the N base-K-level input signals into a 
different one of A M values of M base-A-level output 
signals, and which outputs the M base-A-level output 
signals to the M second terminals, respectively, where A 
and K are positive integers, and where K > A > 1. 

[0010] According to still another aspect of the 

present invention, an integrated circuit is provided 
which includes M first terminals and N second terminals, 
where M and N are positive integers, and where M > N > 1; 
a first converter which receives M base-A-level output 
signals from the M first terminals, respectively, which 
encodes each of A M values of the M base-A-level output 
signals into a different base-K value represented by N 
base-K-level output signals, and which outputs the N 
base-K-level output signals to the N second terminals, 
respectively, where A and K are positive integers, and 
where K > A > 1; and a second converter which receives N 
base-K-level input signals from the N first terminals, 
respectively, which decodes each base-K value represented 
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by the N base-K-level input signals into a different one 
of A M values of M base-A-level input signals, and which 
outputs the M base-A-level input signals to the M second 
terminals, respectively. 

[0011] According to yet another aspect of the present 
invention, an integrated circuit is provided which 
includes a memory device including an memory cell array, 
an address decoder and a command decoder; a plurality of 
pin terminals; and an interface circuit operatively 
coupled between the memory device and the plurality of 
pin terminals, said interface circuit comprising (a) a 
first converter which receives three binary- level output 
signals from three respective signal lines of the memory 
device, which encodes each of eight values represented by 
the three binary- level output signals into a ternary 
value represented by two ternary-level output signals, 
and which outputs the two ternary- level output signals to 
two of said plurality of pin terminals, respectively, and 
(b) a second converter which receives two ternary- level 
input signals from said two pin terminals, respectively, 
which decodes each ternary value represented by the two 
ternary-level input signals into a different one of eight 
values represented by three binary- level input signals, 
and which outputs the three binary- level input signals to 
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said three signal lines of the memory device, 
respectively . 

[0012] According to another aspect of the present 
invention, method is provided for interfacing an internal 
circuit of an integrated circuit device with output 
terminals of the integrated circuit device. The method 
includes receiving M base-A-level output signals from M 
terminals of the internal circuit, respectively, encoding 
each of A M values represented by the M base-A-level output 
signals as a different base-K value represented by N 
base-K- level output signals, and outputting the N base -It- 
level output signals to N output terminals of the 
integrated circuit device, respectively. Here, M, N, A 
and K are positive integers, M > N > 1, and K > A > 1. 
[0013] According to still another aspect of the 
present invention, a method is provided for interfacing 
an internal circuit of an integrated circuit device with 
input terminals of the integrated circuit device. The 
method includes receiving N base-K- level input signals 
from N input terminals of the integrated circuit device, 
respectively, decoding each base-K value represented by 
the N base-K-level input signals into a different one of 
A M values of M base-A-level input signals, and outputting 
the M base-A-level input signals to M terminals of the 
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internal circuit, respectively. Here, M, N, A and K are 
positive integers, M > N > 1 , and K > A > 1. 
[0014] According to yet another aspect of the present 
invention, a method is provided for interfacing an 
internal circuit of an integrated circuit device with 
input/output terminals of the integrated circuit device. 
The method includes first and second signal conversion 
processes. The first signal conversion process includes 
receiving M base-A- level output signals from M terminals 
of the internal circuit, respectively, encoding each of A M 
values represented by the M base-A- level output signals 
as a different base-K value represented by N base-K-level 
output signals, and outputting the N base-K- level output 
signals to N input/output terminals of the integrated 
circuit device, respectively. The second signal 
conversion process includes receiving N base-K-level 
input signals from the N input/output terminals of the 
integrated circuit device, respectively, decoding each 
base-K value represented by the N base-K-level input 
signals into a different one of A M values of M base-A- 
level input signals, and outputting the M base-A-level 
input signals to the M terminals of the internal circuit, 
respectively. Here, M, N, A and K are positive integers, 
M > N > 1, and K > A > 1. 
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[0.015] ' According to another aspect of the present 
invention, method is provided for interfacing an internal 
circuit of an integrated circuit memory device with 
input/output pin terminals of the integrated circuit 
memory device. The method includes first and second 
signal conversion processes. The first signal conversion 
process includes receiving three binary- level output 
signals from three respective signal lines of the 
internal circuit, encoding a binary value represented by 
the three binary- level output signals into a ternary 
value represented by two ternary-level output signals, 
and outputting the two ternary- level output signals to 
two of input/output pin terminals, respectively. The 
second signal conversion process includes receiving two 
ternary- level input signals from the two input /output pin 
terminals, respectively, decoding a ternary value 
represented by the two ternary-level input signals into a 
binary value represented by three binary- level input 
signals, and outputting the three binary-level input 
signals to the three signal lines of the internal circuit, 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] The features and advantages of the present 

invention will become readily apparent from the detailed 
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description that follows, with reference to the 
accompanying drawings, in which: 

[0017] FIG. 1 is a block diagram of a conventional 

memory device; 

[0018] FIG . 2 is a block diagram of, the I/O interface 

circuit of the conventional memory device of FIG. 1; 

[0019] FIG. 3 is a diagram illustrating the two-level 

signaling scheme of the conventional I/O interface of FIG. 
2; 

[0020] FIG. 4 is a block diagram of an I/O interface 

according to an embodiment of the present invention; 

[0021] FIG. 5 is a block diagram of a memory device 

including the I/O interface of FIG. 4 according to an 
embodiment of the present invention; 

[0022] FIG. 6 is a block diagram of the bit converters 

of the I/O interface of FIG. 4 according to an embodiment 
of the present invention; 

[0023] FIG. 7 is a diagram illustrating the three- 

level signaling scheme of an embodiment of the present 
invention; 

[0024] FIG. 8 is a schematic diagram of an encoder and 

output buffer according to an embodiment of the present 
invention; 
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[0025] FIG. 9 is a schematic diagram of an input 
buffer and decoder according to an embodiment of the 
present invent ion ; 

[0026] FIG. 10 is a block diagram of an I/O interface 

according to an embodiment of the present invention; 
[0027] FIG. 11 is a table showing the logic input and 

output states of the encoder and output buffer of FIG. 8; 
and 

[0028] FIG. 12 is a table showing the logic input and 

output states of the input buffer and decoder of FIG. 9. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0029] The present invention will now be described 
with reference to several non- limiting preferred 
embodiments . 

[0030] FIG. 4 is a block diagram of an input/output 

(I/O) interface according to an embodiment of the present 
invention. The I/O interface 2 00 of this embodiment 
includes a converter 210 which receives M base-A-level 
input signals (DATA1, DATA2 , DATA3) from M first 
terminals, respectively, and encodes each of A M values 
represented by the M base-A-level input signals as a 
different base-K value represented by N base-K-level 
output signals. The converter 210 then outputs the N 
base-K-level output signals to N second terminals (DQ1, 
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DQ2) , respectively. Here, M > N, and K > A > 1, and M, N, 
K and A are all positive integers. 

[0031] In the example of FIG. 4 , M = 3 and A = 2, and 

accordingly, the data DATA1 , DATA2 and DATA3 are base-2- 
level (binary) signals that are respectively received on 
three input terminals of the converter 210. Also in this 
example, N = 2 and K = 3, and accordingly, the output of 
the converter 210 is two base-3 -level (ternary) signals 
applied to output terminals DQ1 and DQ2 . In other words, 
the converter 210 of FIG. 4 is a 2 3 -bit-to-3 2 bit 
converter having three binary inputs and two ternary 
outputs . 

[0032] The I/O interface of FIG. 4 also includes a 
converter 220 which receives N base-K-level input signals 
from N first terminals (DQ1, DQ2) , respectively, and 
decodes each base-K value represented by the N base-K- 
level input signals into a different one of A M values of M 
base-A-level output signals (DATA1, DATA2 , DATA3) . The 
converter 22 0 then outputs the M base-A-level output 
signals to M second terminals, respectively. As before, 
M > N, and K > A > 1, and M, N, K and A are all positive 
integers . 

[0033] In the example of FIG. 4, N = 2 and K = 3, and 

accordingly, the input of the converter 220 is two base- 
3-level signals received from terminals DQ1 and DQ2 . 
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Also in this example, M = 3 and A = 2, and accordingly, 
the data DATA1, DATA2 and DATA3 are base-2-level signals 
that are respectively output on three terminals from the 
converter 210. In other words, the converter 220 of FIG. 
4 is a 3 2 -bit-to-2 3 bit converter having two ternary 
inputs and three binary outputs. 

[0034] The base-2 -level signaling (A=2) was described 
previously in connection with FIG. 3. The base-3-level 
signaling (K=3) is shown in FIG. 7 with respect to input 
data (output data is discriminated in the same manner) . 
If the voltage level of the input data is greater than a 
reference voltage REF1, the input data is deemed to be 
logically high (VIH) . If the voltage level of the input 
data is less than the reference voltage REF1 and greater 
than the voltage level REF2 , the input data is deemed to 
be logically middle (VIM) . If the voltage level of the 
input data is less than the reference voltage REF2 , the 
input data is deemed to be logically low (VIL) . As 
should be readily apparent, each bit of the multi-level 
signaling of FIG. 7 carries more information than each 
bit of the base-2-level signaling of FIG. 3. 
[0035] FIG. 6 illustrates a more detail example of the 

I/O device of FIG. 4. As shown, the I/O interface is 
generally made up of an encoder/decoder circuit 70 and an 
input/output circuit 60. 
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[0036] ' More specifically, the converter 210 of the I/O 
interface includes an encoder 71 which receives M base-A- 
level input signals and which outputs at least M+l 
encoded signals, and an output buffer 61, 63 which 
receives the at least M+l encoded signals and outputs N 
base-K-level output signals. 

[0037] As before, the example of FIG. 6 shows the case 

where N=2, K = 3, M = 3 and A = 2. Accordingly, the 
encoder 71 receives three (M) base-2-level (binary) 
internal data Dl , D2 and D3 , and encodes the received 
data into four (M+l) base-2- level (binary) data D01, D02 
and D03 , D04 . The data D01 and D02 are applied to an 
output buffer 61 which converts the same into a base- 3- 
level (ternary) signal applied to terminal DQ1 . The data 
D03 and D04 are applied to an output buffer 63 which 
converts the same into a base- 3 -level (ternary) signal 
applied to terminal DQ2 . Note here that the three base- 
2-level data Dl, D2 and D3 can collectively have 3 2 (=8) 
possible states, whereas the two base-3-level data on 
terminal DQ1 and DQ2 can have 2 3 ( = 9) possible states. 
Thus, the binary data Dl, D2 and D3 can be encoded as 
ternary data on the terminals DQ1 and DQ2 . 
[0038] Still referring the FIG. 6, the converter 220 

of the I/O interface circuit includes an input buffer 62, 
64 which receives N base-K-level input signals and which 
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outputs at least M+l coded signals, and an decoder 72 
which receives the at least M+l coded signals and which 
outputs the M base-A-level output signals. 
[0039] Again, the example of FIG. 6 shows the case 
where N = 2, K = 3, M = 3 and A = 2. Input buffers 62 
and 64 respectively receive two (N) base-3-level 
(ternary) input signals from terminals DQ1 and DQ2 as 
shown. The input buffer 62 converts the ternary input 
signal of terminal DQ1 into binary signals DI1 and DI2, 
and the input buffer 64 converts the ternary input signal 
of terminal DQ2 into binary signals DI3 and DI4 . Thus, 
the two (N) ternary signals (DQ1, DQ2) are converted into 
four (M+l) binary signals (DI1, DI2, DI3, DI4) . These 
four binary signals are then decoded by the decoder 72 
into three (M) base-2 -level signals Dl, D2 and D3 . 
[0040] Reference is now made to FIG. 5 which is a 

block diagram of a memory device which employs the I/O 
interface circuit of an embodiment of the present 
invention. The address buffer 10, the command decoder 20, 
the row decoder 30, the column decoder 40 and the memory 
cell array 50 all operate in the same manner as in the 
conventional device of FIG. 1. Accordingly, to avoid 
duplication in the description, reference is simply made 
the previous explanation of these components. 
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[0041] * In the memory device of FIG. 5, the I/O 
interface of the invention is interposed between the 
memory cell array and data pin terminals DQ1 through DQk. 
As describe above in connection with FIG. 6, the I/O 
interface 2 00 of one embodiment includes an 
encoder/decoder circuit 70 and an input/output buffer 
circuit 60. In this example, during a read operation, 
data (DATA) in the form of an n-bit parallel binary 
output signal is transmitted from the memory cell array 
50 to the I/O interface circuit 200. Each three bits of 
the n-bit output signal is encoded into two ternary 
signals which are applied to two of the data pins DQ1 
through DQk. Thus, the number of data pins k is equal to 
two-thirds of the number of output bits n from the memory 
cell array 50. It can therefore be seen that one-third 
fewer data pins are needed when compared to the 
conventional arrangement. These unneeded data pins are 
designated as pins PIN1 through PINj in FIG. 6, and are 
available for other applications. 

[0042] FIG. 8 illustrates detailed examples of the 

encoder 71 and output buffers 61 and 63 shown in FIG. 6, 
and FIG. 11 is a logic encoding table for explaining the 
operation of FIG. 8. The encoder 71 receives binary 
input data Dl, D2 and D3 , and is equipped with logic 
circuits to encode the binary input data as binary 



16/36 



SEC. 1095 

encoded data DOl, D02 , D03 and D04 . In this particular 
example, the encoder 71 includes "nor" gates NR1 and NR2 , 
"nand" gates ND1 and ND2 , "and" gates AND1 through AND3 , 
"or" gates OR1 and OR2 , and inverters II and 12, all 
connected as shown in FIG. 8. 

[0043] The relationship between the binary input data 

Dl, D2, D3 and the binary encoded data DOl, D02 , D03 , D04 
is shown in FIG. 11. For example, in the case where 
input data is "Oil", the encoded data becomes "0100". 

[0044] The encoded data DOl and D02 are applied to an 

output buffer 61 to convert the encoded data into a 
ternary signal for application to terminal DQ1 . In this 
example, the output buffer 61 is equipped with a p-type 
transistor PI and an n-type transistor Nl . Binary 
encoded signal DOl is applied to the gate of transistor 
PI, and binary encoded signal D02 is applied to the gate 
of transistor Nl . Assuming, for the sake of simplicity, 
that transistors PI and Nl are ideal transistors of the 
same current capability, then the output of the buffer 61 
will be VSS (low) when both DOl and D02 are high; VDD/2 

(medium) when DOl is low and D02 is high; and VDD (high) 
when both DOl and D02 are low. This is shown in columns 
DOl, D02 and DQ1 of the table of FIG. 11, where 0 denotes 
low, 1 denotes high, and M denotes medium. 
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[0045] Trie buffer 63 functions in the same manner to 

convert binary signals D03 and D04 into a ternary signal 
for application to the terminal DQ2 . 

[0046] Therefore, as shown the table of FIG. 11, the 

encoder 71 and output buffers 61, 63 operate to encode 
the binary output data Dl , D2 , D3 into ternary output 
data applied to terminals DQ1 and DQ2 . For example, in 
the case where the binary output data is "Oil" , the 
ternary encoded output data is "Ml" . 

[0047] FIG. 9 illustrates detailed examples of the 

input buffers 62 and 64 shown in FIG. 6, and FIG. 12 is a 
logic decoding table for explaining the operation of FIG. 
9. As shown, input buffer 62 is equipped with first and 
second comparators 62-1 and 62-2 which compare the 
ternary signal received on terminal DQ1 with first and 
second reference voltages REF1 and REF2 , and which output 
the comparison results as binary coded data DI1 and DI2 . 
In this example, as shown in FIG. 12, if the ternary 
signal is u 0" , then both DI1 and DI2 are u 0" ; if the 
ternary signal is U M" , then DI1 is "0" and DI2 is "1" ; 
and if the ternary signal is "1", then both DI1 and DI2 
are "1" . 

[0048] The second input buffer 64 is similarly 

equipped with comparators 64-1 and 64-2, and outputs 
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binary 'coded data DI3 and DI4 based on the ternary signal 
of terminal DQ2 . 

[0049] The decoder 72 receives the binary coded data 

DI1, DI2, DI3 and DI4, and is equipped with logic 
circuits to decode the binary coded data as binary 
decoded data Dl, D2 and D3 . In this particular example, 
the decoder 72 includes "and" gates AND4 through AND7, 
"or" gates OR3 and OR4 , and inverters 13 through 16, all 
connected as shown in FIG. 9. 

[0050] The relationship between the binary coded data 

DI1, DI2, DI3, DI4 and the binary decoded data Dl, D2 , D3 
is shown in FIG. 12. For example, in the case where 
coded data is "0100", the decoded data becomes "100". 
[0051] Therefore, as shown the table of FIG. 12, the 
input buffers 62, 64 and decoder 72 operate to decode the 
ternary input data applied to terminals DQ1 and DQ2 into 
binary input data Dl, D2 , D3 . For example, in the case 
where the ternary encoded input data is "Ml" , the binary 
input data is "011" . 

[0052] FIG. 10 is another block diagram of an I/O 

interface according to an embodiment of the present 
invention. This diagram differs from that of FIG. 6 in 
that it conceptually shows an arrangement having multiple 
output terminals DQ1 through DQk, and in that it is not 
necessarily directed to a binary- to- ternary conversion. 
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In an output: operation, M bits of binary output data are 
received by the I/O interface having the encoder/decoder 
circuit 700 and buffer circuit 600. The encoder 710 and 
output buffers 610-1 through 610 -k encode the binary 
output data as base-P-level output signals (where P K ^ 2 M ) 
and apply these signals to the terminals DQ1 through DQk, 
respectively. In an input operation, base-P-level input 
signals of terminals DQ1 through DQk are decoded by input 
buffers 620-1 through 620-k and decoder 720 into M bits 
of binary input data. Note that in the case of K 
terminals DQ1 through DQk, K sets of input/output buffer 
would be provided. 

[0053] In the drawings and specification, there have 

been disclosed typical preferred embodiments of this 
invention and, although specific examples are set forth, 
they are used in a generic and descriptive sense only and 
not for purposes of limitation. For example, the 
invention is not limited to the binary- to- ternary 
conversion primarily described herein. 

[0054] Further, referring to FIG. 5, the I/O interface 

of the embodiments of the invention may be interposed 
between the command decoder 2 0 and command pin terminals 
of the memory device 3 00, and/or between the address 
buffer 10 and address pin terminals. 
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[0055] ' It should therefore be understood the scope of 
the present invention is to be construed by the appended 
claims, and not by the exemplary embodiments. 
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